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POSITIVE ACTIVE MATERIAL FOR RECHARGEABLE LITHIUM BATTERY 
AND METHOD OF PREPARING SAME 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

The present invention relates to a positive active material for 
rechargeable lithium batteries and a method of preparing the same and, more 
particularly, to a manganese-based positive active material for rechargeable 
lithium batteries which has a good cycle life characteristic. 

(b) Description of the Related Art 

Generally, manganese-based compounds such as UMn204 and LiMnOs 
are the positive active material of choice for rechargeable lithium batteries 
because of their low cost, abundance and environmentally friendly 
characteristics. Among such manganese-based compounds, LiMn204 is 
particularly stable for the battery use and thus attractive for the electric vehicle 
application. 

However, as compared to other lithiated transition metal oxides such as 
LiCoOs and LiNiOg, LiMn204 has a relatively low discharge capacity. 
Furthermore, when high rate of charge and discharge operations are cycled, 
the discharge capacity is excessively reduced. In particular, when the charge 
and discharge operations are continuously performed at high temperatures, 
manganese distributed in the surface of LiMn204 readily elutes to the electrolyte, 
causing a disproportionation reaction. This reaction seriously deteriorates the 



cycle life characteristic of tlie battery. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a manganese-based 
positive active material for rechargeable lithium batteries w/hich exhibits a good 
5 cycle life characteristic at high temperatures. 

This and other objects may be achieved by a positive active material for 
rechargeable lithium batteries including an active material component 
processed from a manganese-based compound. The manganese-based 
compound is selected from Li^MnOs, Li^MnFj, Li^MnSs, UJMr\02.JF^, Li^Mn02.A. 

10 Lj,Mni.yMy02, Li^Mni.yMyF2, Li^Mn^yMySs, Li,Mni.yMy02.,F„ Li,Mni.yMy02.A. 
Li^Mn204, LI,Mn2F4, Li^Mn2S4, Li^Mn204.,F„ Li,Mn204.,S„ Li,Mn2.yMy04, Li.Mnj. 
yMyF4, LixMn2.yMyS4, Li^Mn2.yMy04.^F^, or Li^Mn2.yMy04.^S^ where 0<x<1.5, 
0.05<y<0.3, z<1.0 and M is selected from Al, Co, Cr, Mg, Fe or La. A metallic 
oxide is coated on the active material component. 

15 A method of preparing the positive active material is performed by 

obtaining a powder from a source material. The source material is selected 
from Li^MnOs, Li^MnFa, Li^MnSj, LixMn02.,F„ Li^MnOj.A. Li,Mni.yMy02, Li^Mn^. 
yMyF2, Li^Mni.yMyS2, Li^Mni.yMy02.3F^, Li^Mni.yMy02.2S^, LixMn204, LixMn2F4, 
Li,Mn2S4, Li,Mn204.,F„ LI,Mn204.A, Li,Mn2.yMy04, LI,Mn2.yMyF4, Li,Mn2.yMyS4, 

20 LixMn2.yMyO4.2F2, or LixMn2.yMyO4.2S2, where 0<x<1.5, 0.05<y<0.3, z<1.0 and M is 
selected from Al, Co, Cr, Mg, Fe or La. The powder is then coated with a 
metallic alkoxide solution to make an alkoxide-coated powder. Thereafter, the 
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metallic alkoxide-coated powder is heat-treated such that it is changed into a 
metallic oxide-coated powder. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention, and many of the 
attendant advantages thereof, will be readily apparent as the same becomes 
better understood by reference to the following detailed description when 
considered in conjunction with the accompanying drawings, wherein: 

Fig. 1 is a graph illustrating high-temperature charge and discharge 
characteristics of rechargeable lithium cells according to an example of the 
present invention and a comparative example; 

Fig. 2 is a graph illustrating high-temperature cycle life characteristics of 
the rechargeable lithium cells of Fig. 1; and 

Fig. 3 is a graph illustrating SIMS analysis results with respect to a 
rechargeable lithium cell according to another example of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

In a method of preparing a positive active material for rechargeable 
lithium batteries, a powder, being an active material precursor, is first 
processed from a manganese-based compound. The manganese-based 
compound is selected from Li^MnO^, Li^MnF^, Li^MnSs, Li.MnOs.^F^, Li^Mn02.zS„ 
Li,Mn,.yMy02, L\M^,.,M,F^, Li^Mn^.^MyS^, UMn,.yM,0^_J=,, Li^Mn^.^MyO^^A, 
Li^Mn^G^, Li,Mn2F4, Li^Mn^S^, Li,Mn204.,F„ Li^Mn^G^^S,, Li,Mn2.yMyG4, Li,Mn2. 
yMyF4, Li^Mn2.yMyS4, Li^Mn2.yMyG4.^F^, or LixMn2.yMyG4.,S2, where 0<x<1.5, 



0.05<y<0.3, z<1.0 and M is selected from Al, Co, Cr, Mg, Fe or La. The 
powder processing step can be performed with a technique known in the 
related art. 

Thereafter, the powder is coated with a metallic alkoxide solution. The 
metallic alkoxide solution is formed by the reaction of an alcohol with an alkali 
metal being 1 to 50 weight percent of the alcohol. The alkali metal may be 
preferably selected from Mg, Al, Co, K, Na, Ca, Si, Ti or Sr. More preferably, 
the alkali metal is selected from Si, Mg, Ti or AL The alcohol is preferably 
selected from methanol or ethanoL When the alkali metal is less than 1 weight 
percent of the alcohol, the coating effect of the metallic alkoxide solution onto 
the powder is not induced. In contrast, when the alkali metal is more than 50 
weight percent of the alcohol, the coating layer of the metallic alkoxide solution 
becomes undesirably thick. A sputtering technique, a chemical vapor 
deposition (CVD) technique, a dip coating technique and other general-purpose 
coating techniques may be employed for the coating use. Among the 
techniques, the dip coating technique may be preferably used for coating the 
metallic alkoxide solution onto the powder. 

The alkoxide-coated powder is then dried at 120°C for about 5 hours in 
an oven. The drying step is to uniformly distribute lithium salts in the powder. 
Thereafter, the dried powder is heat-treated at temperatures ranged from 200 
to 1000°C for 1 to 20 hours under an oxidation atmosphere where dry air or 
oxygen is blowing. When the heat-treating temperature is lower than 200°C, 
the metallic alkoxide solution coated on the powder is not crystallized so that it 



prohibits free movement of lithium ions in the active material. It is preferable 
that the heat-treating step is performed at temperatures ranged from 300 to 
900X for 1 to 10 hours. This heat-treating operation makes the metallic 
alkoxide to be changed into a metallic oxide. In this way, a metallic oxide- 
coated active material is prepared. 

The metallic oxide formed on the surface of the power may be derived 
from the single metallic alkoxide source or the composite sources of 
manganese of lithiated transition metal compound and metallic alkoxide. The 
thickness of the metallic oxide layer reaches up to 1 to 100nm and the quantity 
of metal content is ranged from 0.1 to 10 weight percent of the metallic oxide. 

The following examples further illustrate the present invention. 

Example 1 

An aluminum isopropoxide solution having a 5 weight-percent 
concentration was prepared by refluxing an aluminum isopropoxide powder in 
ethanol at about 100°C for about half an hour. The aluminum isopropoxide 
solution was then mixed with a powder of LixMn2.yAly04_2F2 where 0<x<1.5, 
0.05<y<0.3 and 2<1.0 at an identical volume ratio in a moisture free dry room 
such that an overall surface of the power became wet sufficiently by the 
solution, and dried in the same room. Thereafter, the mixture was heat-treated 
at about 300°C for about 10 hours under a dry air atmosphere to thereby 
prepare a metallic oxide-coated active material. Then, the active material was 
mixed with Super P carbon for a conductive agent, KF-1300 polyvinylidene 
fluoride for a binder and N-methy!pyrrolidone for a solvent to prepare an active 



material slurry. The slurry is cast into a tape shape to act as a positive 
electrode. The positive electrode is then assembled with a lithium metal foil for 
an opposite pole by using a lithium salt solution for an electrolyte to thereby 
fabricate a coin cell-type half cell. The lithium salt solution contained 1:1 
volume ratio of ethylene carbonate and dimethyl carbonate for a solvent and 
LiPFg for a solute. 

Example 2 

The positive electrode preparing procedure was performed in the same 
way as in Example 1 with the exception that the heat-treating temperature was 
heightened up to 900°C. A coin-type half cell was fabricated with the resulting 
positive electrode in combination with other components as described in 
Example 1. 

Example 3 

An aluminum isopropoxide solution having a 5 weight-percent 
concentration was prepared by refluxing an aluminum isopropoxide powder in 
ethanol at about 100°C for about half an hour. The aluminum isopropoxide 
solution was then mixed with a powder of Li^MnzO^ where 0<x<1 .5 at an 
identical volume ratio in a moisture free dry room such that an overall surface of 
the power became wet sufficiently by the solution, and dried in the same room. 
Thereafter, the mixture was heat-treated at about 300°C for about 10 hours 
under a dry air atmosphere to thereby prepare a metallic oxide-coated active 
material. The subsequent positive electrode processing steps were performed 
in the same way as in Example 1 . A coin-type half cell was fabricated with the 
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resulting positive electrode in combination with other components as described 
in Example 1, 

Comparative Example 1 

The positive electrode preparing procedure was performed in the same 
way as in Example 1 with the exception that Li^Mn2.yAly04.2F2 was directly used 
for the active material without the metallic-alkoxide coating operation. A coin- 
type half cell was fabricated with the resulting positive electrode in combination 
with other components as described in Example 1 . 

The coin type cells fabricated according to Example 1 and Comparative 
Example 1 were charged and discharged at SO'^C from 0.1 C to 1C rate over the 
voltage window between 4.3V and 3.0V. The charge and discharge 
characteristics of the cells in the early cycles were illustrated in Fig. 1. Further, 
the cycle life characteristics of the cells were illustrated in Fig. 2. In each of 
the figures, the charge and discharge characteristic of the cell according to 
Example 1 is indicated by a parenthesized alphabetic symbol "(a)" and that of 
the cell according to Comparative Example 1 is indicated by another symbol 
"(b)". As shown in Figs. 1 and 2, the cell according to Example 1 exhibited a 
slightly lower specific capacity but a better cycle life characteristic at high 
temperatures than the cell according to Comparative Example 1. It is 
presumed that the good cycle life characteristic of the cell is resulted because 
the metallic oxide layer coated on the surface of the manganese-based active 
material component prevents elution of manganese to the electrolyte. The 
cells fabricated according to Examples 2 and 3 also exhibited the desired 



performance characteristic similar to that of Example 1 . 

Meanwhile, a secondary ion mass spectrometry (SIMS) analysis was 
performed with respect to the positive active material prepared according to 
Example 3 to measure the component distribution ratio. The result was 
illustrated in Fig. 3. In the figure, the relative intensity of the aluminum 
component is indicated by a parenthesized alphabetic symbol "{ay and that of 
the manganese component is indicated by another symbol "(b)". As shown in 
Fig. 3, it could be known that the aluminum component existed more in the 
surface portion of the active material and the manganese component existed 
more in the center portion of the active material. This proved that the overall 
surface of Lij,Mn204 was completely coated with aluminum oxide. 

As described above, the positive active material for rechargeable 
lithium batteries has a good high-temperature cycle life characteristic. 

While the present invention has been described in detail with reference 
to the preferred embodiments, those skilled in the art will appreciate that 
various modifications and substitutions can be made thereto without departing 
from the spirit and scope of the present invention as set forth in the appended 
claims. 
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WHAT IS CLAIMED IS: 

1. A positive active material for rechargeable lithium batteries, the 
positive active material comprising: 

an active material component processed from a manganese-based 
compound, the manganese-based compound being selected from the group 
consisting of UxMn02, LixMnF2, LixMnS2, Li^MnOs.^F^, L\J\An02.2S^, Lij^Mni.yMy02, 
Lij^Mn-,_yMyF2, LixMni.yMyS2, Lij^Mni_yMy02.2F2, UJ\An^_yWl^02.^S^, LixMn204, Lij^Mn2F4, 
LixMn2S4, Lij,Mn204_^F2, Lij,Mn204_2S2, LixMn2.yMy04, LixMn2.yMyF4, Lij,Mn2.yl\/lyS4, 
LixMn2.yMyO4.2F2, and Lij,Mn2.yMy04.2S2 where 0<x<1.5, 0.05<y<0.3, z<1.0 and M 
is selected from the group consisting of Al, Co, Cr, Mg, Fe and La; and 

a metallic oxide coated on the active material component. 

2. The positive active material of claim 1 wherein the metallic 
oxide has a metal component selected from the group consisting of Si, Mg, Ti 
and AL 

3. The positive active material of claim 1 wherein the metallic 
oxide has a thickness ranged from 1 to 100nm. 

4. The positive active material of claim 1 wherein the metallic 
oxide has a 0.1 to 10 weight percent of metal component 

5. A method of preparing a positive active material for 
rechargeable lithium batteries, the method comprising the steps of: 

obtaining a powder from a source material, the source material being 
selected from the group consisting of Li^MnOs, Li^MnFs, Li^MnSs, Li^MnOa.^F^, 
Li^MnOa.A. Li^Mni_yMy02, Li^Mn^^yMyFa, Li^Mni.yMyS2, Li^Mn^.yMy02.zF2, Li^^Mn^. 
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yMyOs.zS^, LixMn204, LixMn2F4, Li5,Mn2S4, Lij,Mn204.^F2, Li^Mn204.^S^, LixMn2.yMy04, 
LixMn2.yMyF4, LixMn2.yMyS4, Li^Mn2.yMy04.^F^, and Li^Mn2.yMy04.2S2 where 0<x<1.5, 
0.05<y<0.3, z<1.0 and M is selected from the group consisting of Al, Co, Cr, Mg, 
Fe and La; 

coating the powder with a metallic alkoxide solution to make an 
alkoxide-coated powder; and 

heat-treating the metallic alkoxide-coated powder such that the metallic 
alkoxide-coated powder is changed into a metallic oxide-coated powder, 

6. The method of claim 5 wherein the metallic alkoxide solution is 
selected from the group consisting of Si-alkoxide, Mg-alkokxide, Ti-alkoxide and 
Al-alkoxide. 

7. The method of claim 5 wherein the metallic alkoxide solution 
contains a 1 to 50 weight percent of metal component 

8. The method of claim 5 wherein the heat-treating step is 
performed at temperatures ranged from 200 to 1000°C for 1 to 20 hours. 
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ABSTRACT OF THE DISCLOSURE 

A positive active material for rechargeable litliium batteries includes an 
active material component processed from a manganese-based compound. 
The transition metal compound is selected from Li^MnOs, Li^MnFs, Li^MnSs, 
5 Li^Mn02_zF^, Li^l\/ln02.zS^, Li^Mni^yMyOs^ Li^Mni.yMyFs, Li^Mn^.yMySs, Li^Mn^^.yMyOa. 
^F^, Li^Mn^.yMyOs.zS^, Li^Mn204, Li^Mn2F4, Li^Mn2S4, Li^Mn204„^F2, Li^Mn204.^S^, 
Li^Mn2.yMy04, Li^Mn2_yMyF4, LixMn2.yMyS4, Li^Mn2.yMy04.^F^, or LixMn2.y My 04.^8^ 
where 0<x<1.5, 0.05<y<0.3, z<1.0 and M is selected from Al, Co, Cr, Mg, Fe or 
La. A metallic oxide is coated on the active material component. 
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Post Office Address San 24, Seongseong-dong, Cheonan-si, Chimgcheongnam-do, Korea 



-2- 



Full Name of Second/Joint Inventon: Geun-Bae Kim 



Inventors Signature ^^^6^ Date August 2, 1999 

Residence Cheonan-si, Chungcheongnam-do, Korea Citizenship Korea 



(City, State) (Country) 
Post Office Address San 24, Seongseong-dong, Cheonan-si, Chungcheongnam-do, Korea 

Full Name of Third/Joint Inventor : Dong-Gon Park 



Inventors Signature ^z^^g^ . (p^^^ Date Nyr// 



Residence Seoul, Korea Citizenship Korea 



(City, State) (Country) 

Post Office Address Sookmyung Women's University, Cheongpa-dong 2-ga, Yongsan-ku, 
Seoul, Korea 



Full Name of Fourth/Joint Inventor i _ Hyung-GonNoh 



Inventors Signature (^^^3 Date 77/^^^3 

Residence Cheonan-si, Chungcheongnam-do, Korea Citizenship Korea 



(City, State) (Country) 
Post Office Address San 24, Seongseong-dong, Cheonan-si, Chxmgcheongnam-do, Korea 



-3- 



